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M oLl 1on: Nt /. ea), Modi£i calions

Phys. Rev. Lett. 98, 232302 (2007)

s PHENIX

Near side correlations
highly extended in n
IN Au+Au collisions
(the “ridge”)

Away side strongly modified
in central Au+Au & Cu+Cu
at all energies (the “cone’)


http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000098000023232302000001&idtype=cvips&gifs=yes
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000098000023232302000001&idtype=cvips&gifs=yes

EXp/ anclions of the 65{9@

Various hypotheses proposed to explain ridge phenomenon

e Coupling of induced radiation to longitudinal flow
Armesto et al., PRL 93, 242301

e Recombination of shower + thermal partons
Hwa, arXiv:nucl-th/0609017v1

e Anisotropic plasma
Romatschke, PRC 75, 014901

e Turbulent color fields
Shuryak, arXiv:0706.3531v1

e Bremsstrahlung + transverse flow + jet-quenching
Majumder, Muller, Bass, arXiv:hep-ph/0611135v2

e Splashback from away-side shock
Pantuev, arXiv:0710.1882v1

¢ Momentum kick imparted on medium partons
Wong, arXiv:0707.2385v2

e Glasma Flux Tubes
Dumitru, Gelis, McLerran, Venugopalan, arXiv:0804.3858; Gavin, McLerran, Moscelli, arXiv:0806.4718

The PHOBOS contribution: large acceptance for associated vield



77‘/&98/‘60/ Correladions in 7 )*//0 BOS

PHOBOS uses its two main subsystems

Spectrometer

While spectrometer has small ¢ acceptance, it has a
large (An~1.5) forward acceptance (<n>~0.8)



PHOBOS Multiplicity Acceptance
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Pros: nearly-full azimuthal acceptance for associated particles
nearly-full pseudorapidity acceptance (|n|<5.4)

Cons: N0 momentum measurement, no particle 1D



PHOBOS Acceptance

¢
5.4 3 1 n 1 3 5.4
STAR
PHOBOS Octagon

PHOBOS (Octagon & Rings)
Not yet using full potential of PHOBOS, but smaller systematics



Cons? racz‘/nﬁ Correlddion Function

= S(Ad,AM) - B(A,AN) * a [ 1-2V(An) cos(2A9) |

AO,A
{ ;(( Aqq’), A’% - 2 [ 1 2V(An) cos(2A9) | ] }

\ V= <V2trig><VZassoc>
Acceptance corrected

mixed-event pairs (per Signal/Background Modulation from
trigger) Detector acceptance  elliptic flow
cancels in the ratio




Calcel/al "’{9 Z e Bdclégroana/

e B(An) is the per trigger mixed-event pair distribution
corrected for the pair acceptance

* |n other words, it is the corrected single-particle
distribution (dN/dn) convoluted with Nwig




Calculating the s/ 6 Katio

15-20% central b(A0,An)
';'!‘ 3mm < Vz < 4mm < ~ TR =
: 0.8 100:

1 0.6
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b(Ap,AN) -15cm < vz < 10cm

s(Ag,AM) A fMMI'HrI'.' I‘- averaged over




ﬁ oL Col‘/‘eCZ‘/on

® Parameterize published PHOBOS measurements as
V2(Npart,p1,1) = A(Npart) B(pt1) C(n)

® hit-based - 2,69 5 ] ©® 3-15%
O track-based . o o ® 15-25%

o ® 25-50%

200 300
N

part

e Correct va(Npart,<pTt'9>,Ntrig) for occupancy and
V2(Npart, <pT12%%°°>,Nassoc) for secondaries 1 2V(AN) cos(2A0)

V —_ <V2trig><V2assoc>
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Ay -
bA0.AN) a| [1+2V(An) cos(2A0) | ]

The scale factor, a, is calculated such that the yield
after flow subtraction is zero at its minimum (ZYAM)

(a(An) = 1.000-1.002 in central events) Ajitanand et al. PRC 72, 011902(R) (2005)




5}/\5 lemalic Errors

e [he dominant systematic error in
this analysis is the uncertainty on

the magnitude of !9 ypassec

~14% error on Va9 y3SsoC (n=

~20% error on Va'f9 y,3ssoc (n=

In the most central collision --
where flow is small compared to
the correlation -- the error on
Vol y,3880C cqn exceed 50%.

PHOBOS preliminary
10-30% central
-0.5<An<0.0

PHOBOS preliminary
0-6% central
-0.5<An<0.0




ptp reference data

® PYTHIAv6.325
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PHOBOS does not have sufficient statistics for p+p

We use PY

HIA, but confirm it describes S
triggered correlations

AR data on



prtis >2.5 GeV/c
prassecz 20 MeV/c
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PHOBOS Preliminary

PYTHIA p+p 200 GeV PHOBOS Au+Au 200 GeV

Large An extent of correlations on both near and away side

/ \

“ridge” “Mach cone”



Slices of 2D Cond. Yie/d i» An

I I I I I
PHOBOS preliminary

—8— Au+Au 0-10%

| I I I I
PHOBOS preliminary

—8— Au+Au 0-10%

PYTHIA v6.325 PYTHIA v6.325
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Nuclear modifications @ near (|Ad|<1) & away, short & long range




Near Side Yie/d vs. An

PHOBOS preliminary
—&— Au+Au 0-10%

PYTHIA v6.325

Integrating over near side, find that the correlated yield does not
go to zero at large An — ridge appears to be “long-range”



rel/d vs. Centrality and A
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Away side decreases slightly, but ridge disappears




4 SS OC/‘QZ‘ea/ y/e/ d vs. Cenfrd/ /‘Z‘y

Short-range |An| <1

- T ' T ' ' - I I I I 1 1 1 1 | | I I
2 PHOBOS preliminary | I | I
i —— Au+Au 0-10% 1 near-side, long-range

near-side, short-range ( PYTHIA subtracted )
away-side, long-range ( x 0.5)
away-side, short-range ( x 0.5)

PYTHIA v6.325 ]

Long-range —4< An <—2‘
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Based on PYTHIA subtraction (at short range only),
observe that ridge & “Mach cone” yield is the same at short and long range




One Mode/ Compar/‘é ON

C.Y. Wong, private communication

PHOBOS preliminary
—&— Au+Au 0-10%

PYTHIA v6.325

Momentum Kick Model

rapidity
of partons

Wong’'s momentum kick model
C.Y. Wong, PRC 76, 054908 (2007) SuggeStS rldge COmeS from
collision of jet with bulk

N early stage



Conc/usions: ﬁ/ﬁgerea/ Correl/ddions

« PHOBOS is able to contribute to this discussion by
measuring inclusive correlated yield at large An

o Results shown for 0-50% centrality in 200 GeV Au+Au
collisions

o 'Ridge” yield extends out to An=4, essentially constant
after subtracting jet contribution

Disappears at Npart~80

o Long range of the ridge is a non-trivial feature, since it
requires large momentum transfers, or very short times
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Trnc/wusive Teoo-Partic/e Correlddions

o What about correlations not associated with a high pr
trigger particle?

o Jets are not the only source of correlated particle
production

o ‘Cluster hadronization” has been discussed for many
years now, given the observation of strong 2-particle
correlations in p+p collisions at all energies



C/ wUSter Y/da/ron/ZdZ( 1O SCena/‘/‘o

Hadronization Og\
proceeds via %@

“clusters”, which
decay isotropically Multiparticle production:
INn their rest frame many clusters, which
decay Into hadrons
(which themselves decay!)




Hside: Shortd vs. Z.onﬁ A ange

from the mixing of components (events with different ® PS8 63 Gev O UAS 200 Gev O UAS 46 Gev A UAS 900 Gev
multiplicities n), C,. The inclusive correlation func-

tion is related to the semi-inclusive function C, at

fixed charged multiplicity n as [10]:

C(ny,n2)=Cs(m1,n2) +Cpr(n,M2), (2.7)

where

O-ﬂ
Cs(ny, nz)=Z~; C,(ny,1,) (2.8)

and
CLlni =Y (6" (1) — P ) (o' (1)~ pr(n2)). (29)

Figure 1b shows the contribution of C,(n,, #,) and
Fig. 1¢ the contribution of Cg(n,, 1,) to the inclusive
correlation function.

Long range: mixing events w/ different multiplicities
Short range: average over two-particle correlation @ fixed n

Long range correlations have been in the literature for years,
but short range correlations ~constant w/ energy



Cons? racz‘/nﬁ Correlddion Function

R(AN,Ap) =< (n —1) M-1)>

B,(An,Ad)

Foreground: F (An,Ad)

(correlated + uncorrelated pairs):

Background: B, (An,A¢)
(uncorrelated pairs):

(n-1) weighting makes
CF multiplicity independent

Peak at Ad,An=0 dominated by delta
rays and conversions
(this bin always removed)

MC-based corrections for
secondaries & acceptance gaps




First Zried on A TC p+p data

PHOBOS p+p@200GeV

PHOBOS
200 GeV p+p

Phys. Rev. C75(2007)054913

2D correlation function Integrated over Ag
(first F, then B =& R)




Clester Mode/ ﬁ 4

Effective cluster width ©
related to correlation width: >
Gaussian shape is assumed 40

0=0.7 for isotropic decay

[(An) = exp(— (&n) )

I'(An)
B(An)

R(An) =« —1

Effective cluster size Kes

related to correlation strength: JLOEEEeRd!
convolution of mean & sigma

of multiplicity distribution per cluster

2
_<kk-D> . __._ . %

<k> <k>




Short K ange Correl/ddions i» ptp

Phys. Rev. C75(2007)054913

PHOBOS preliminary Keff = 2.44+0.08

0+p@200GeV  § = 0.66 +0.03
(90% C.L.)

We observe ~1.5 additional particles correlated
with every charged particle over £3 units in n




fnerﬁy SyS lernadics 1hn p'f'p

Phys. Rev. C75(2007)054913 Multiplicity of daughters per particle

Entries 9938847
Mean 1.568
RMS 0.8665

Slow change in Ke

Therminator: Kef ~ 2
A. Kisiel, private comm.

:
tof

PHOBOS p+p
ISR p+p
SPS-UAS5 p+p
PYTHIA p+p
HIJING p+p

Slow change in ¢

Data suggests much higher
cluster size than MCs,
which are themselves

consistent with clusters as

A just resonance decays
(cf. Therminator)

|
u
|
.
b




2D Comparison with Cluster Mode!

0’60‘0‘

XK
n ()
_‘v

Phys. Rev. C75(2007)054913

Cluster model (an example given here, not fit to data)
does not just give a 1D shape,
but helps understand features of 2D CF



Can resSonances Mdfe a rnear Side peaé 4

Nuclear Physics B86 (1975) 201215 North-Holland Publishing Company

It IS often said that resonances can't
ANGULAR CORRELATIONS BETWEEN THE give a “near Side” peak-

CHARGED PARTICLES PRODUCED IN pp COLLISIONS
AT ISR ENERGIES

K EGGERT,H FRENZEL and W THOME S—bOdy decays (w,n) do give SUCh a peak,

IIT Physikalisches Institut der Technischen Hochschule, Aachen, Germany

W HOLDTR e AT Wt 6. P while 2-body decays (e.g. p) do not.

CERN, Geneva, Switzerland

K TITTEL
Institut fur Hochenergiephysik, Hewdelberg, Germany

1. DERADO, V ECKARDT, HJ GEBAUER,
R MEINKE, O R SANDER *** and P SEYBOTH
Max-Planck-Institut filr Physik und Astrophysik, Munich, Germany

R ed 11 November 1974

ot distribution of resonances tuned to describe final state pions dN+/dpt~ prexp(-6pT)
10




Fron ptp o Cut+lCu & Het+Hee

Phys. Rev. C75(2007)054913 imi N PHOBOS preliminary
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PHOBOS has extended study of 2D CF to Cu+Cu and Au+Au
as a function of centrality

Nontrivial due to larger occupancies, but effects under control
(fits to dE/dx, not counting hits)



Centra/ /‘Z‘y Depena/enCe in Cet & Het
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Au+Au

The observed long structure in An is not a ridge.
Rather, it is the v component, which scales as <2(N-1)v2?>
where Cu+Cu and Au+Au overlap in N, vz is different!




One —D/‘Meh\f I‘O/?d/ CF n Cut & 4 V24

Two-particle An correlation function e Cu+Cu@200GeV
(scale errors are shown as grey bands) e Au+Au@200GeV

40%-50% 30%-40% 20%-30% 10%-20%

An
PHOBOS Preliminary

Integrating over A® automatically integrates out vo
Immediately see that correlation strength decreases with centrality




One —D/‘Meh\f I‘O/?d/ CF n Cut & 4 V24

Two-particle An correlation function e Cu+Cu@200GeV
(scale errors are shown as grey bands) e Au+Au@200GeV

An
PHOBOS Preliminary

Cluster fits have been performed for all bins
to quantify parameters vs. centrality



Central /‘Z‘y Depena/enc’/e of Cluster Pararielers

® PHOBOS Cu+Cu 200 GeV ® PHOBOS Cu+Cu 200 GeV

® PHOBOS Au+Au 200 GeV ® PHOBOS Au+Au 200 GeV

The first big surprises in Cu+Cu & Au+Au

1. Peripheral events have Ker much higher than p+p (a jump?)
2. Central events are only a bit lower than p+p

3. The peripheral events are “elongated” in An (large 0)



’ (Feometric Scal /‘ng ’ in A+A

® PHOBOS Cu+Cu 200 GeV ® PHOBOS Cu+Cu 200 GeV
® PHOBOS Au+Au 200 GeV ® PHOBOS Au+Au 200 GeV

The next big surprise: Cu+Cu & Au+Au have the same
centrality dependence vs. fraction of total cross section



COMPQI‘/S on o 4 MPT

PHOBOS Cu+Cu 200 GeV PHOBOS Cu+Cu 200 GeV
PHOBOS Au+Au 200 GeV PHOBOS Au+Au 200 GeV
©  AMPT Cu+Cu 200 GeV O AMPT Cu+Cu 200 GeV
O AMPT Au+Au 200 GeV O AMPT Au+Au 200 GeV

® PHOBOS 200 GeV

PHOBOS 200 GeV )
AMPT 200 GeV O AMPT 200 GeV

0.7 0.8 : 0.5 0.6 0.7 0.8 0.9 1

1-6/c, 1-0lc,

Comparisons to standard AMPT: width and Ke

Magnitude somewhat lower, but trend is the same



’ fracz‘/on of Zhe lota/ Cross Secdionr )

Matching systems
at the same
fraction of cross section
IS like choosing same
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So similar geometry
(lboth transverse
& longitudinal)
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(N g:rf”> =103

r/4 A . (1)
Geom ezr , c Sca/ / nﬁ * Cu+Cu: 0-6% o glu;ﬁl:; ff;-::%

0-6% ® 200 GeV Cu+Cu
central

m 62.4 GeV Cu+Cu
A 22.4 GeV Cu+Cu

O 200 GeV Au+Au
062.4 GeV Au+Au
A22.4 GeV

scaled Au+Au

* Cu+Cu: 0-6% o Au+Au: 35-40%
<N Cu-Cu> =99 <N Au-Au> =98

part part

* Cu+Cu: 3-6% ©022.4 GeV, scaled Au+Au: 35-40%
(NCUCU =95  x19.6 GeV, Au+Au: 35-40%

part .
(N ::n“”> =95

dN/dn shapes coincide
at the same centrality
(not the same Npart) —




" Geormelric Scal "’{9 )

A Au-Au 19.6GeV
* Au-Au 62.4GeV
Au-Au 130GeV
O Au-Au 200GeV
Cu-Cu 62.4GeV
Cu-Cu 200GeV

0-40% central

— 200 GeV Au+Au
— 200 GeV Cu+Cu
62.4 GeV Au+Au
62.4 GeV Cu+Cu

Directed flow In STAR also This does not work for vo
shows both limiting
fragmentation and scales Various longitudinal olbservables
how do correlations fit in?




Near VS. 4&0@}/ Side (vs. AMPT)

ter size)

(Cluster size)
w

Keff (Clus

Away-side

-
=
A
A

Cu+Cu 200 GeV, near-side . Cu+Cu 200 GeV, near-side
Cu+Cu 200 GeV, away-side Away-side /v Cu+Cu 200 GeV, away-side
Au+Au 200 GeV, near-side Au+Au 200 GeV, near-side
Au+Au 200 GeV, away-side A Au+Au 200 GeV, away-side

BB

PHOBOS 200 GeV, near-side 8O AMPT 200 GeV, near-side
PHOBOS 200 GeV, away-side \ AMPT 200 GeV, away-side

0.7 0.8 ; . 0.6 0.7 0.8
1-cslcs0 1-0/00

Can split up correlation function into “near” (Ad<1/2) and “away”

Separate fits: different centrality dependence,
might breaks geometric scaling in data (but not in AMPT...)



A Problesr?

PHOBOS




Pt/OBOS vs. STHR

Daugherity, Ray
0.7ESTAR Preliminary

- - - Binary scaling

® 200 GeV
B 62 GeV

o
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o
(3

o
IS

h
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n Io
N

o

Cu+Cu 200 GeV, near-side
Cu+Cu 200 GeV, away-side
Au+Au 200 GeV, near-side
Au+Au 200 GeV, away-side
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PHOBOS preliminary

Sudden
INncrease

Smooth
decrease

The near-side seems to behave quite differently!



Defimtions of Correlddion Fincdionr

JAN F— B
R(AN,Ad) =< (1 - 1)(% 1)> ppf _ 75
PHOBOS STAR?

Are the two experiments using different definitions for
the correlation function that give different content”

o/ LA _

PHOBOS/UAS cluster fit [ ] specifically for UA5 definition.
PHOBOS data is consistent with previous results

Same true for STAR? | can buy that sgrt(B)~n



Acceptance Mallers

Independent Cluster Model

® -1<n<t
® -3<n<3
@® Full acceptance

@,
WS

K00

N

A

Same cluster model: different maximum n acceptance

Acceptance can change correlation strength & width:
However, centrality dependence should not be affected unless
width Is a strong function of centrality.




Conc/usions

o PHOBOS has measured inclusive 2-particle correlations
in p+p, Cu+Cu, and Au+Au

o Interpretation in terms of cluster model
Decrease of cluster size with centrality
Geometric scaling between Cu+Cu an Au+Au

Central A+A is most like p+p, not semi-peripheral A+A (which is both larger
and longer than p+p!)

o How do we understand the difference in centrality
dependence between STAR & PHOBOS?

Definition of CF? Acceptance?
STAR could integrate over full acceptance and do centrality dependence!






/V/eZ‘/’loa/ o/ Oﬁ}/

R(AN,Ad) =< (1 -1)

Two particle correlation F,(An,A¢) )
function (UAS definition) B,(An,A¢)

i - 1
E,(AT],A(I)) . pn (Thanz»(l)nq)z) n(n 1)0 dﬂldﬂqu)ldq% f}
I 7 1 d’o
B,(A.80) 5 pL0.0)p)01,:0,) = — ,_O

dﬂ1d¢1 nO dﬂ 2d(|)2

This definition Is often used in the literature.
Ratio of F and B cancels detector/acceptance systematics



